Reductions of photoelectric observations in the Vilnius photometric system to outside the atmosphere using the modified Nikonov method are described. The method uses the extinction coefficients dependent on spectral and luminosity classes, metallicity, interstellar reddening and other peculiarities of stars.
ABOUT THE ATMOSPHERIC EXTINCTION
Atmospheric extinction is one of the main factors which diminishes the accuracy of ground-based photometric observations. For this reason, a lot of investigations of its influence on the photometry of stars has been done. Many methods have been proposed to eliminate the atmospheric extinction from the photometric observations of stars.
One of the main characteristics of the extinction is its magnitude value. In Table 1 we preset the mean values of the atmospheric extinction in the Vilnius photometric system passbands at different sites where our observations were carried out. For comparison, the extinction data obtained from spectrophotometry observations at the Lick and Cerro Tololo observatories are also given.
We can see a bit unexpected result: the extinction at Molètai is not greater than in the Crimea. On the Maidanak mountain it is close to that at the Lick Observatory, but larger than at Cerro Tololo. The smallest extinction, comparable to Cerro Tololo, was found at Mt. John (New Zealand) before the Mount Pinatubo eruption. After eruption, the extinction increased by about 0.1 mag in all the observed spectral regions (Forbes et al. 1995) .
Other characteristic of the atmospheric extinction, and probably the most important, is its stability. First of all, there are well-known seasonal variations of the extinction. Usually, the extinction is larger in a summer time. Sometimes the differences between its values in summer and winter are considerable.
Besides the seasonal changes, there are variations of shorter period, usually depending on meteorological conditions. Short-time variations are most dangerous for stellar photometry. During a night with the irregular extinction changes, the Bouguer method (accepting a linear dependence between the extinction and the air mass) does not work at all. If these variations have a period of some hours, and if they are uniform for the whole sky, Nikonov's (1953) permits to get a reasonably good extinction estimation. This was the reason why we have chosen it for reduction of the observed photometric data in the Vilnius system.
As an example, let us see how Nikonov's method works in practice. In Figs. 1-3 , there are results of our observations made especially for investigation of the atmospheric extinction at the Molètai Observatory on April 22, 1995. The extinction was large and variable. The observations were carried out with the photometer "Tikutis" attached to the 63 cm Cassegrain telescope. A permanently rotating filter wheel (one revolution per second) is installed in the photometer, giving quasi-simultaneous observations in all colors .
This makes possible to obtain color indices of good accuracy even when observing through thin clouds. Five early-type stars, spaced over the all sky were observed. Filters of the Vilnius system, supplemented by one additional filter for measuring the ozone absorption in the Huggins bands at 313 nm, have been used. The extinction in color indices remains constant, if the light is scattered by thin clouds. It was tested by us in the Molétai Observatory using the same quasi-simultaneous photometer up to extinction values of 3 mag in V ).
NIKONOV'S METHOD AS IT IS USED FOR THE VILNIUS SYSTEM
The observed magnitudes and color indices of the Vilnius system usually are transformed to outside the atmosphere using the Nikonov method. However, it has been modified for the ultraviolet color indices. The method can be used successfully when the work of the photometer is stable (or it has a good stability control), changes of the atmospheric transparency are simultaneous and uniform over the whole sky.
Using this method, some special observations of the extinction star and the control star are needed. As an extinction star, the main sequence star of spectral class F5 -G2 is usually taken. It is being observed every 1-2 hours every night. The program stars are observed in between the extinction star observations. The control star has to be observed before or after the observation of the extinction star 3-5 times, at least every third or fourth night. It has to be of spectral class close to that of the extinction star. The position of the control star on the sky is such that, when the extinction star culminates, the control star is in the east at the zenith distance of 50 -65°. After some hours, when the extinction star is at the zenith distance of about 50 -65°, the control star has to by near the meridian. Such a control star is called the rising control star. When in the evening the extinction star is in the east at the same (50 -65°) zenith distance, the descending control star has to be used. At that time it is near culmination. After some time, when the extinction star is near culmination, the descending control star is in the west at zenith distance of about 50 -60°. Both stars must be nonvariable and bright enough to be measured quickly.
From observations made during the night with the most stable transparency, the preliminary extra-atmospheric magnitude and color indices of the extinction star are determined (for instance, using the Bouguer method). With these preliminary values of magnitude and color indices, the preliminary extinction coefficients are being calculated for each observation of the extinction star: 
where C 0 ' is the preliminary value of color index and C° is its true value.
If the program stars are spread over the whole sky, other version of Nikonov's method can be used. Here, every program star having suitable position in the sky, can be used as a control star. Then it has to be observed twice per night, at different zenith distances. This version fits well for monochromatic observations, it may be used also for heterochromatic photometry without ultraviolet passbands. A complicated dependence of the ultraviolet extinction coefficients on spectral types in broad and (in smaller amount) in medium-band photometry, using the stars of different spectral classes as control stars, makes the corrections of extra-atmospheric ultraviolet color indices of the extinction star less accurate.
CORRECTION OF THE ATMOSPHERIC EXTINCTION FOR SPECTRAL TYPE, LUMINOSITY AND PECULIARITIES
In any case, the interpolated heterochromatic extinction values for observation moments of the program stars must be corrected for differences of spectral classes and luminosity. If the star is reddened by interstellar dust, the reddening differences should be also taken into account.
It is widely believed, that the extinction corrections are linearly dependent on a color index, i.e. that the following equation may be used: the ultraviolet magnitudes, the coefficient 7 has no meaning. Talcing the stars of various spectral types, one can find very different values of 7, even of the opposite sign. The largest nonlinearity of Eq. (3) is for broad-band systems. However, the effect is also significant for medium-band systems, such as the Vilnius system. The dependencies of the extinction coefficients for U-P and P-X on corresponding color indices are shown in Figs. 5 and 6. Instead of the usually used second order extinction coefficient 7, we have introduced the gradient (Zdanavicius 1975 
where g is the slope of the interstellar reddening line in the a vs. C diagram. Coefficients κ depend only on the physical parameters of a star: spectral class, luminosity (or temperature and gravity), metallicity or other peculiarities. The information about stellar parameters is given by the interstellar reddening-free Q-parameters of the Vilnius system. So, the difference between the values of extinction coefficients κ of the program and extinction stars can be expressed by differences of some Q-parameters:
The Q-parameters, most sensitive to the physical parameters of stars were chosen. A least-square solution of the system of equations of this type gives the values of coefficients k. The extinction coefficients, color indices and Q-parameters, needed to construct the equations, have been calculated using energy distribution curves in stellar spectra, the response functions of the Vilnius system, the mean atmospheric transmission curve and the interstellar dust transmission curve.
So, the final extinction values for the ultraviolet color indices of a program star are being calculated by a formula: α, = α 6 + (Δκ + ? ·ΔΟ)·-(8) ®synth instead of a* = a t +7· AC as is being done in the original Nikonov's method. Here a* is the extinction coefficient for a program star, a e is the extinction coefficient determined from observations of the extinction star and a S ynth is the synthetic value of the extinction coefficient calculated from the above mentioned functions. The coefficients g and κ are taken from theoretical calculations instead of trying to determine them from observations. We have obtained an experience that observational determination of the second order extinction coefficients is very labor-consuming and is of low accuracy. To include a possible extinction variation, the ratio of the observed and synthetic a values is included into Eq. (8).
The corrections of extinction coefficients has to be done by two or three iterations. The extra-atmospheric color indices in the first approximation can be obtained by using the values of the extinction coefficients determined for the extinction star.
For example, in the case of color index P-X of the Vilnius system, the coefficient g is close to zero, i.e. κρ-χ « αρ-χ.
If ot e (p-x) == a S ynth, Eqs. (7) and (8) for P-X give a*(p-x) = Oe(P-x) -0.036 · AQpxyv + 0.041 · AQ XYV .
In Fig. 7 , the synthetic extinction coefficients and the extinction coefficients calculated by Eq. (9) for the color index P-X are compared. We see that the difference of coefficients for the same spectral type does not exceed 0.01 mag., if M-type stars of the latest subclasses are excluded. This means that the analytical expression of the extinction coefficients is sufficiently exact for stars of various spectral classes, luminosities and peculiarities. Similar, a bit more complicated (g φ 0) equation is valid for U-P.
Other description of Nikonov's method application for the Vilnius system in English has been published by Straizys (1992) .
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